Background: Research has shown that hepatitis B virus (HBV) genotypes are closely linked to the clinical manifestations, treatment, and prognosis of the disease.
Introduction
Hepatitis B virus (HBV) infection is a major global health problem that affects more than 240 million people worldwide, causing more than 780,000 deaths annually. 1 Therefore, it is becoming increasingly important to take effective measures to control the incidence of HBV in China.
The HBV genotype has formed over a long period, during which point mutations have accumulated due to the asymmetry of HBV reverse transcription and its lack of proofreading enzymes. The HBV mutation rate is high, and the HBV genotype reflects the natural accumulation of mutations as a result of virus evolution. HBV can be divided into several genotypes according to sequence heterogeneity greater than 8%. There are currently eight HBV genotypes (A-H) that have a distinctive geographical distribution and ethnic associations. 2 For example, genotypes B and C are highly prevalent in Southeast Asia including China, genotype A is frequent in northwest Europe, and genotype D is common in the Mediterranean region and Central Asia. 3 A previous retrospective study revealed that HBV genotype B was associated with earlier HBeAg seroconversion than was genotype C. 4 When receiving interferon (IFN) therapy, patients with HBV genotype B have a higher rate of IFN-induced HBeAg clearance compared with those with genotype C. 5 In addition to IFN, nucleotide analogs (NAs) are also currently approved for the treatment of HBV infection. NAs inhibit HBV replication and reduce the damage to hepatocytes by competing for incorporation into the viral DNA strands. 6 Four NAs have been licensed for clinical use in China: lamivudine (LAM), adefovir (ADV), entecavir (ETV), and telbivudine (LdT). However, long-duration NA treatment increases the prevalence of resistant HBV and leads to treatment failure. For example, LAM, the first widely used antiviral NA, results in a cumulative incidence of resistance as high as 70% after five years of treatment. 7 The resistance-related mutations are usually located in the reverse transcriptase region of the HBV polymerase gene. 8 The classical LAM-/LdT-resistance mutations are rtM204I and rtM204V. 9, 10 Of these, rtL180M is a compensatory mutation that often coexists with rtM204I/V to restore viral replication efficacy. 11 In addition, rtN236T and rtA181V are well-recognized ADV-resistance mutations. 12 The most prevalent mutation in the precore region (G1896A) creates a TAG stop codon that abolishes the synthesis of HBeAg; thus, the dominance of this mutation could easily account for HBeAg seronegativity. 13 The aim of the current study was to determine the HBV genotypes and drug resistance-related mutations in 620 clinical samples simultaneously using microarrays to better understand the correlation between HBV genotypes and drugresistant mutations.
Materials and methods

Patient samples
A total of 620 patients consisting of 286 males and 334 females with chronic HBV infection were enrolled in the study in Beijing Ditan Hospital. The ages of these patients ranged from one month to 80 years, with a mean of 33.7 ± 12.2 years. Among the 620 patients, 271 received NA-based therapy, 35 received IFN-based therapy, eight received the combination therapy of NA and IFN, and the other 306 were NA/IFN naïve. Informed consent was obtained from adult patients or the guardians of minor patients at the time of whole blood collection for the purpose of HBV testing. The plasma samples obtained from whole blood were used to determine the HBV DNA levels using real-time quantitative PCR. In addition, serum samples were used to determine the HBV genotypes and drug resistance-related mutations. 
HBV DNA genotyping and drug-resistance-related mutation analysis
HBV DNA was extracted from 200-L serum samples using a Magbind CFDNA kit (KWBiotech, Beijing, China). Multiplex PCR, microarray hybridization, and microarray scanning were conducted as recommended by the manufacturer of the microarray kit (CapitalBio Corporation, Beijing, China) for the simultaneous detection of the HBV genotypes (HBV/B, C, and D) and drug-resistance-related hotspot mutations (rtL180M, rtA181T/V, rtM204I/V, rtN236T in the HBV reverse transcriptase region, and G1896A in the HBV precore region). The recommended genotype and mutation-related allele-specific primers were used for multiplex PCR. After amplification, the reaction mixture was hybridized with probes immobilized on the microarray chip at 50 • C for 60 min. Subsequently, the microarray chip was washed in washing buffer (0.1% SDS and 0.3× SSC) at 42 • C for 2 min. The chips were scanned and imaged using a microarray Scanner LuxScan TM 10K-B (Capitalbio). Assay results were determined based on the fluorescent hybridization signal and distribution of the microarray probes. The microarray probes corresponding to HBV genotypes and drug-resistance-related mutations are shown in Fig. 1A .
HBV DNA sequencing
The results of HBV DNA genotyping and drug-resistancerelated mutations obtained from the microarrays for a random selection of samples were further confirmed using direct DNA sequencing with the BigDye Terminator v3.1 Cycle Sequencing kit and an ABI 3730 DNA analyzer (Applied Biosystems, Foster City, CA). The primer sequences and PCR amplification conditions used for direct DNA sequencing have been described elsewhere. [14] [15] [16] 
Statistical analysis
Statistical analysis was performed using the SPSS 17.0 software package. All values in the text and figures are expressed as the mean ± standard deviation (SD) of these observations.
Results
HBV DNA quantification
The HBV DNA levels in the 620 enrolled samples ranged from 1.00E5 to 1.50E9 IU/mL, with a mean of 9.89E6 IU/mL (see Supplementary Table S1 ), as determined by real-time quantitative PCR. The results also confirmed that all studied clinical samples were HBV-positive. Supplementary Table S1 related to this article can be found, in the online version, at http://dx.doi.org/10.1016/j.bjid. 2015.03.012.
HBV DNA genotypes
Tw o HBV genotypes (B and C) were detected among the 620 HBV DNA positive samples using the Capitalbio microarray assay, as shown in Supplementary Table S1 . The microarray hybridization results for the HBV genotypes B and C are shown in Fig. 1B . Of these, 44 samples with genotype B and 151 samples with genotype C were selected randomly and the results were validated using direct DNA sequencing. As shown in Table 1 , most samples were identified as genotype C, 471/620 (76.0%), followed by genotype B, 149/620 (24.0%).
Drug resistance-related mutations
By microarray assay, NA resistance-related mutational patterns of the 620 patient samples were also directly acquired from hybridization results, as shown in Supplementary Table  S1 . The mutation patterns of 211 patient samples were then selected and further confirmed using direct DNA sequencing. Among the 620 patient samples, 17 (17/620; 2.7%) carried NA resistance-related mutations, as showed in Table 2 and Fig. 1C . The mean age of these 17 patients was 47.7 ± 12.5 years, which was higher than that of the 620 patients (33.7 ± 12.2). Most of the 17 patient samples belonged to genotype C (14/17, 82.4%), and the remaining to genotype B (3/17, 17.6%). Among the 17 patients, nine carried LAM-/LdT-resistance mutations (rtL180M, rtM204I/V), and eight had ADV-resistance mutations (rtA181T/V, rtN236T). The most common mutations in the LAM-resistant patients were rtM204I and rtM204V, which were found in 35.3% (6/17) of the 17 NA-resistant patients. The compensatory mutation rtL180M was simultaneously detected with rtM204I/V in 17.6% (3/17). The ADV-resistance mutations rtA181V and rtN236T were found in 29.4% (5/17) of these patients. No patient samples with LAM and ADV or ETV-resistance mutations were detected. Among the 17 patients, 4 carried NA-resistance mutations but were NA/IFN-naïve. Ten carried NA-resistance mutations and the NA/IFN-based therapeutic strategy adopted previously was appropriate and effective. The remaining three patients also carried NA-resistance mutations but the previous NA/IFN therapy was not effective and led to treatment failure and was altered. More specifically, patients P119 and P287 both carried rtA181V but received ADV/IFN, P217 carried rtM204I but received LdT. In addition, the microarrays revealed that 397 (64.0%) of the 620 patient samples also carried the precore 
Discussion
Most of the samples analyzed in the current study belonged to genotype C (471/620; 76.0%) followed by genotype B (149/620; 24.0%). Moreover, there were no marked differences in the distribution of genotypes B and C between male and female patients. These data are consistent with a previous report from northern China, where 78% of the studied HBsAg carriers were infected with genotype C, and 22% carried genotype B. 14 However, genotype D was not observed among the patient samples studied. Interestingly, previous reports also identified HBV genotype D in only northwestern China. 17, 18 In the current study, 17 patients (17/620; 2.7%) carried NA-resistance-related mutations. These data are consistent with a previous report that preexisting NA-resistance-related mutations were detected in 2.01% of NA-naïve Chinese HBVinfected patients. 19 These results suggest that the incidence of NA-resistance in Chinese hospitalized HBV-positive patients is so low that intensive testing for NA-resistance before treatment might not be required, consistent with a previous suggestion. 19 In most cases in the current study, NA-resistance mutations were derived from either naturally occurring viral mutations or were transmitted from drug-resistant patients. However, the 17 patients had a mean age of 47.7 ± 12.5 years, which was higher than the mean age of the 620 patients (33.7 ± 12.2). This suggests that the 17 NA-resistance patients had an increased likelihood of being treated using antiviral therapy; therefore, NA resistance testing might be more necessary for HBV-positive elderly patients.
Most of the 17 patients samples belong to genotype C (14/17, 82.4%), and the remaining to genotype B (3/17, 17.6%). The proportion of genotype C in the 17 NA-resistance patients was considerably higher than the above-mentioned data (76.0%) in the 620 HBV-positive patients. These data suggest that HBV patients with genotype C were infected with fitter viruses, which facilitated acquisition of NA-resistance mutations, compared with those with genotype B.
The mutations rtM204I and rtM204V were the most frequent mutations in the LAM-resistant patients, being detected in 35.3% (6/17). The compensatory mutation rtL180M was detected simultaneously with rtM204I/V in 17.6% (3/17) of the patients. The ADV-resistance mutations rtA181V and rtN236T were found in 29.4% (5/17) of the patients. LAM and ADV dual resistance was not detected in any of the 17 patients. Longterm use of NA might have led to multidrug resistance. 20 Therefore, NA resistance testing becomes increasingly necessary. For patients P119, P217 and P287 of the 17 patients, the results of NA resistance testing implied in advance that the used NA/IFN therapeutic strategies would lead to treatment failure and had to be altered. It showed that NA resistance testing may be necessary when deciding for the NA/IFN therapeutic strategy.
